Meat quality : an explanation for educators, processors, retailers, producers by Kauffman, Robert G.
CIRCULATtNG COpy 
AGRICULTU E LIBRARY 
nmveRsrtJ OF IUlNOIS 
-IGRICUJ.,TURt. lIlJRARY 
R.G.KAUFFMAN B.C.BREIDENSTEIN DONALD GARRIGAN Q.E.KOLB 

Circular 1007 
Cooperative Extension Service/College of Agriculture/University of Illinois at Urbana-Champaign 
in cooperation with Department of Meat & Animal Science/University of Wisconsin at Madison 
C O N T E N T S  
T h e  C o m p l e x i t y  o f  M e a t  Q u a l i t y .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  2  
B i o l o g i c a l  F a c t o r s  A s s o c i a t e d  W i t h  M e a t  Q u a l i t y  .  .  .  . .  3  
I n t r a m u s c u l a r  f a t  . . . . . . . . . . .  . . . . .  . .  . . . . .  "  3  
C o n n e c t i v e  t i s s u e .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  4  
C h r o n o l o g i c a l  a g e  .  .  .  .  . . . . .  .  . . . . . . . . . .  .  . . .  4  
T e x t u r e .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  5  
F i r m n e s s  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  5  
C o l o r . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . .  6  
E x u d a t i v e  s u r f a c e  j u i c e s .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  8  
R i g o r  m o r t i s .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  8  
N u t r i t i o n a l  c o m p o s i t i o n  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  8  
A n a t o m i c a l  d i s t r i b u t i o n  a n d  p o s i t i o n  o f  m u s c l e s  . .  9  
B o n e  d a r k e n i n g  . . .  . .  . .  . . . .  . .  .  . . . . . . .  . . . . . 1 0  
N o n b i o l o g i c a l  F a c t o r s  A s s o c i a t e d  W i t h  M e a t  Q u a l i t y  . .  1 0  

S a n i t a t i o n  .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0  

P r o c e s s i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0  

P a c k a g i n g  a n d  d i s p l a y  .  . . . . .  .  . . . . . . . . . . . . . 1 1  

P a l a t a b i l i t y  a n d  t h e  F u t u r e  o f  M e a t  Q u a l i t y  . . . . . . . . . 1 2  

R e f e r e n c e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1  2  

T
H E  P U R P O S E  O F  T H I S  P U B L I C A T I O N  I S  
t o  i d e n t i f y ,  i l l u s t r a t e ,  a n d  s p e c i f i c a l l y  d e f i n e  t h e  
f a c t o r s  a s s o c i a t e d  i n  s o m e  w a y  w i t h  v a r i a t i o n  i n  q u a l i t y  
o f  m e a t .  T h e  p u b l i c a t i o n  i s  e x p e c t e d  t o  b e  o f  p a r t i c u l a r  
u s e  t o  s u p e r v i s o r y  p e o p l e  i n  p a c k i n g  p l a n t s ,  m e r c h a n ­
d i s i n g  a g e n c i e s ,  a n d  m e a t  r e t a i l i n g  b u s i n e s s e s ,  t o  t e a c h ­
e r s  a n d  s t u d e n t s  o f  m e a t  s c i e n c e  a n d  t e c h n o l o g y ,  a n d  
t o  c o n c e r n e d  l i v e s t o c k  p r o d u c e r s .  
Q u a l i t y  o f  m e a t  i s  v i t a l  t o  t h e  f u t u r e  p r o g r e s s  o f  t h e  
m e a t  i n d u s t r y ,  b u t  t h e r e  h a s  b e e n  w i d e s p r e a d  m i s u n d e r ­
s t a n d i n g  o f  w h a t  q u a l i t y  i s .  T h e  a u t h o r s  d e f i n e  m e a t  
q u a l i t y  a s  a  c o m b i n a t i o n  a n d  v a r i a t i o n  o f  t r a i t s  t h a t  
p r o v i d e  f o r  a n  e d i b l e  p r o d u c t  t h a t  l o s e s  a  m i n i m u m  o f  
c o n s t i t u t e n t s ,  i s  f r e e  o f  s p o i l a g e  a n d  o t h e r  a b n o r m a l i t i e s  
a f t e r  p r o c e s s i n g  a n d  s t o r a g e ,  i s  a t t r a c t i v e  i n  a p p e a r ­
a n c e ,  a n d  i s  a p p e t i z i n g ,  n u t r i t i o u s ,  a n d  p a l a t a b l e  a f t e r  
c o o k i n g .  T h e  d i s c u s s i o n  d o e s  n o t  i n c l u d e  s u c h  t r a i t s  a s  
h i g h  l e a n - t o - f a t  a n d  l e a n - t o - b o n e  r a t i o s  b e c a u s e  t h e y  
a r e  c o n s i d e r e d  q u a n t i t a t i v e  t r a i t s ,  a l t h o u g h  t h e y  a r e  
s u i t a b l e  g o a l s  i n  m e a t  p r o d u c t i o n  a n d  a r e  o f t e n  a s s o c i ­
a t e d  w i t h  q u a l i t y .  
T h e  d i s c u s s i o n  a p p l i e s  t o  b e e f ,  l a m b ,  p o r k ,  p o u l t r y ,  
a n d  v e a l ,  e x c e p t  w h e r e  s p e c i f i c a l l y  s t a t e d  o t h e r w i s e .  A  
q u a E t y  f a c t o r  i l l u s t r a t e d  f o r  o n e  s p e c i e s  u s u a l l y  r e p r e ­
s e n t s  t h a t  s a m e  f a c t o r  f o r  o t h e r  s p e c i e s  n o t  s p e c i f i c a l l y  
s h o w n ,  a l t h o u g h  t h e  e m p h a s i s  p l a c e d  o n  e a c h  f a c t o r  
m a y  v a r y  a m o n g  s p e c i e s .  
T H E  C O M P L E X I T Y  O F  M E A T  Q U A L I T Y  

A p p r a i s i n g  m e a t  q u a l i t y  i n c l u d e s  c o n s i d e r a t i o n  o f  
n u t r i t i v e  v a l u e ,  w h o l e s o m e n e s s ,  s u i t a b i l i t y  f o r  p r o c e s s ­
i n g ,  p a l a t a b i l i t y ,  a n d  a t t r a c t i v e n e s s .  T h e s e  f a c t o r s  a r e .  
i n t e r r e l a t e d ,  a n d  e a c h  i s  r e g u l a t e d  b y  b i o l o g i c a l  o r  
p h y s i c a l  p r o c e s s e s ,  n o t  a l l  o f  w h i c h  a r e  c o m p l e t e l y  
u n d e r s t o o d .  
N u t r i t i v e  v a l u e  i s  p r o b a b l y  t h e  b a s i c  c r i t e r i o n  o f  
m e a t  q u a l i t y .  T h e  p r i m a r y  m e r i t  o f  m e a t  a s  a  f o o d  i s  
i t s  n u t r i e n t  c o n t e n t .  I t  h a s  t h e  e s s e n t i a l  a m i n o  a c i d s  
i n  t h e  f o r m  o f  m u s c l e  p r o t e i n s ;  t h e  w a t e r  s o l u b l e  v i t a ­
m i n s ,  e s p e c i a l l y  t h i a m i n e ,  r i b o f l a v i n ,  a n d  n i a c i n ;  s o m e  
m i n e r a l s ,  n o t a b l y  i r o n ;  a n d  h i g h - e n e r g y  l i p i d s ,  i n c l u d ­
i n g  t h e  e s s e n t i a l  f a t t y  a c i d s .  B y  v i r t u e  o f  t h e  b i o l o g i c a l  
n a t u r e  o f  m u s c l e  t i s s u e ,  m e a t  s u p p l i e s  m o s t  o f  o u r  n u ­
t r i t i v e  n e e d s  f o r  s u r v i v a l .  
W h o l e s o m e n e s s  r e f e r s  t o  t h e  f r e e d o m  f r o m  m i c r o ­
o r g a n i s m s ,  w h i c h  i s  i n f l u e n c e d  b y  t h e  h e a l t h  o f  t h e  a n i ­
m a l s  a n d  b y  p r o p e r  s a n i t a t i o n ,  h a n d l i n g ,  a n d  s t o r a g e .  
T o g e t h e r ,  n u t r i t i v e  v a l u e  a n d  w h o l e s o m e n e s s  s a t i s f y  
t h e  m i n i m u m  r e q u i r e m e n t s  f o r  m e a t  t o  b e  u s e d  a s  f o o d .  
S u i t a b i l i t y  f o r  p r o c e s s i n g  m e a n s  t h a t  t h e  e c o n o m i c  
l o s s  f r o m  p r o c e s s i n g  c a n  b e  m i n i m i z e d  b y  h o l d i n g  
s h r i n k a g e  t o  a  m i n i m u m  t h r o u g h  c o n t r o l  o f  s u c h  b i o ­
l o g i c a l  m e c h a n i s m s  a s  m u s c l e  a c i d i t y  a n d  b y  a p p r o p r i ­
a t e  h e a t  t r e a t m e n t .  S u c h  a  p r o d u c t  d o e s  n o t  a l w a y s  
e x c e l  i n  a p p e a r a n c e  o r  t a s t e ,  b u t  u s u a l l y  i s  a b o v e  t h e  
m i n i m u m  l e v e l  o f  q u a l i t y .  
P a l a t a b i l i t y  c h a r a c t e r i s t i c s  i n c l u d e  f l a v o r  ( a  c o m b i ­
n a t i o n  o f  t a s t e  a n d  a r o m a ) ,  t e n d e r n e s s ,  t e x t u r e ,  a n d  
j u i c i n e s s .  T h e s e  a r e  c o n t r o l l e d  s o m e w h a t  b y  p h y s i ­
o l o g i c a l  a g e  a n d  o t h e r  b i o l o g i c a l  c h a n g e s .  
A t t r a c t i v e n e s s  i s  a n  e s t h e t i c  f a c t o r  t h a t  i s  p r i m a r i l y  
i n f l u e n c e d  b y  t h e  c o l o r  a n d  s t r u c t u r a l  a p p e a r a n c e  o f  
t h e  p r o d u c t  a n d  i t s  c o n v e n i e n c e  ( s u c h  a s  a  b o n e l e s s  
p r o d u c t )  f o r  u s e  a s  a  f o o d .  
T h e  i d e a l  l e v e l  o f  m e a t  q u a l i t y  t h u s  c o m b i n e s  h i g h  
n u t r i t i v e  v a l u e ,  w h o l e s o m e n e s s ,  s u i t a b i l i t y  f o r  p r o c e s s ­
i n g ,  d e s i r a b l e  p a l a t a b i l i t y ,  a n d  a t t r a c t i v e n e s s .  
T h i s  p u b l i c a t i o n  w a s  p r e p a r e d  b y  R .  G .  K a u f f m a n  a n d  Q .  E .  K o l b /  D e p a r t m e n t  o f  M e a t  a n d  A n i m a l  S c i e n c e /  U n i v e r s i t y  

o f  W i s c o n s i n  a t  M a d i s o n ,  a n d  B .  C .  B r e i d e n s t e i n  a n d  D o n a l d  G a r r i g a n /  W i l s o n  a n d  C o . /  C h i c a g o /  I I / i n o i s .  K a u f f m a n /  
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BIOLOGICAL FACTORS ASSOCIATED WITH MEAT QUALITY 
This section discusses the ways in which several bio­
logical factors are related to meat quali ty: intramuscu­
lar fat, connective tissue, chronological age, texture, 
firmness, color, exudative surface juices, rigor mortis, 
bone darkening, anatomical distribution and position of 
muscles, and nutritional composition. Each of these 
plays some role in the development of a quality 
product. The authors recognize that more scientific 
data are needed to fully support some of the following 
statements. 
Recent studies in meat science suggest that such 
Fig. 1 - Acceptable marbling.phenomena as ion-protein interactions, quantitative 
changes in sulfhydryl and disulfide groups within the 
muscle proteins, changes in intrace1lular particles (lyso­
somes in particular), and protein interactions may 
eventually provide more detailed answers that will ex­
plain differences in meat quality. They are not dis­
cussed here because there is not enough information to 
establish a realistic opinion as to how they are spe­
cifically related to quality. 
Intramuscular fat (primarily a factor in F ig. 2 - T oo little marbling. 
beef, lamb, and pork products> 
Quantity. Intramuscular fat (marbling) i the visi­
ble fat within the boundaries of a muscle. It usually 
accumulates as an animal matures and is related to the 
animal's state of nutrition. A moderate amount of 
marbling (Fig. 1) is enough to combine with muscle 
fibers and thus provide a juicy and flavorful cooked 
product. Too little marbling (Fig. 2) may be responsi­
ble for a dry, flavorless product; too much marbling 
(Fig. 3) does not make the meat proportionately better 
eating but does increase the caloric intake and thus re­
duces the protein per unit of edible product (a unit of 
fat contains about eight times as many calories as a F ig. 3 - Too much marbling. 
unit of lean muscle). 
Distribution and coarseness. Since marbling may en­
hance juiciness by serving as a lubricant around muscle 
bundles, it is important that it be uniformly and finely 
di persed throughout the muscle as shown in Fig. 1. 
Large, coarse, and unevenly distributed strands like 
those in Fig. 4 may represent as much total fat but do 
not provide enough fat in certain areas of the muscle. 
Too much fat in some isolated areas may result in an 
oily taste and more calories than necessary. 
Fig. 4 - Uneven marbling. The lower portion has large, 
coarse strands of marbling, while the upper left is al­
most devoid of marbling. 
3 
C o n n e c t i v e  t i s s u e  
M u s c l e s  w i t h  a  s m a l l  p r o p o r t i o n  o f  c o n ­
n e c t i v e  t i s s u e  a r e  m o r e  t e n d e r  t h a n  t h o s e  
w i t h  a  l a r g e  p r o p o r t i o n .  T h i s  d i f f e r e n c e  i s  
p a r t l y  r e f l e c t e d  b y  t h e  a n a t o m i c a l  o r i g i n  o f  
t h e  c u t .  I n  t h e  d i s t a l  p o r t i o n s  o f  t h e  l i m b s ,  
a s  s h o w n  b y  t h e  c r o s s - c u t  s h a n k  o f  b e e f  
i n  F i g .  5 ,  s e v e r a l  l o c o m o t i o n  m u s c l e s  c o n ­
v e r g e ,  e a c h  w i t h  a n  i n c r e a s i n g  p r o p o r t i o n  
o f  e p i m y s i u m  ( c o n n e c t i v e  t i s s u e  s u r r o u n d ­
i n g  t h e  m u s c l e )  w h i c h  b l e n d s  i n t o  t e n d o n s  
a t t a c h e d  t o  t h e  s k e l e t o n .  T h i s  c u t  w o u l d  n o t  
b e  a s  t e n d e r  a s  o n e  f r o m  a  p o s t u r e  c o n t r o l  
m u s c l e  ( f o r  e x a m p l e ,  f r o m  t h e  l o n g i s s i m u s  
o r  p s o a s  m u s c l e s  o f  t h e  l o i n )  l o c a t e d  i n  
o t h e r  p a r t s  o f  t h e  c a r c a s s .  M u s c l e s  w i t h  
l e s s  c o n n e c t i v e  t i s s u e  a r e  m o r e  t e n d e r ,  p a r ­
t i c u l a r l y  w h e n  t h e  c o l l a g e n  ( a  p r o t e i n  c o n ­
v e r t e d  t o  g e l a t i n  u p o n  h e a t i n g )  i s  h i g h  i n  
r e l a t i o n  t o  e l a s t i n  ( a  l e s s  s o l u b l e  p r o t e i n ) .  
C h r o n o l o g i c a l  a g e  
T h e  m u s c l e s  i n  o l d e r  a n i m a l s  a r e  g e n e r ­
a l l y  l e s s  t e n d e r ,  e v e n  a f t e r  c o o k i n g .  T h e  
o l d e r  a n i m a l s  a p p a r e n t l y  d o  n o t  h a v e  m o r e  
c o n n e c t i v e  t i s s u e  p e r  u n i t  o f  m u s c l e ,  b u t  
i t  i s  b e l i e v e d  t h a t  a d v a n c i n g  a g e  m a y  r e s u l t  
i n  a  c h a n g e  i n  m o l e c u l a r  s t r u c t u r e  a n d  t h u s  
i n  a  h i g h e r  p r o p o r t i o n  o f  l e s s  s o l u b l e  c o n ­
n e c t i v e  t i s s u e .  T o  e s t i m a t e  t h e  t e n d e r n e s s  i t  
i s  d e s i r a b l e  t o  k n o w  t h e  a g e .  B e c a u s e  t h e  
e x a c t  c h r o n o l o g i c a l  a g e  o f  a  c a r c a s s  
i s  r a r e l y  k n o w n ,  i t  h a s  t o  b e  a p p r o x i ­
m a t e d  b y  c e r t a i n  c h a r a c t e r i s t i c s  o f  t h e  
s k e l e t o n .  A d v a n c i n g  a g e  i s  a c c o m p a n i e d  b y  
c a l c i f i c a t i o n  o f  t h e  c a r t i l a g i n o u s  t i p s  ( b u t ­
t o n s )  o n  t h e  v e r t i c a l  p r o c e s s e s  ( c h i n e )  o f  
t h e  t h o r a c i c  v e r t e b r a e  a n d  t h e i r  d i s a p p e a r ­
a n c e  f r o m  t h e  l u m b a r  a n d  s a c r a l  v e r t e b r a e ,  
c a l c i f i c a t i o n  o f  t h e  h y a l i n e  c a r t i l a g e  c o v e r ­
i n g  t h e  p u b i s  j u n c t i o n  ( a i t c h  b o n e )  o f  t h e  
o s  c o x a e  ( p e l v i s ) ,  t h e  s t r a i g h t e n i n g  o f  t h e  
a i t c h  b o n e ,  t h e  f u s i n g  o f  t h e  s a c r a l  v e r t e ­
b r a e ,  t h e  a b s e n c e  o f  b l o o d  a n d  h a r d e n i n g  o f  
t h e  c h i n e  b o n e s ,  t h e  w i d e n i n g  a n d  f l a t t e n i n g  
o f  t h e  c o s t a e  ( r i b s ) ,  w h i c h  a r e  a l s o  r e l a ­
t i v e l y  f r e e  o f  v i s i b l e  b l o o d ,  a n d  t h e  p r e s e n c e  
o f  s p o o l s  o n  t h e  f o r e s h a n k s  o f  l a m b .  S e e  
F i g .  6  f o r  t h e s e  c h a r a c t e r i s t i c s  a n d  t h e i r  
l o c a t i o n .  
F i g .  5  - C r o s s - s e c t i o n  o f  t h e  s h a n k ,  s h o w i n g  t h e  h e a v y  w h i t e  
s t r a n d s  o f  c o n n e c t i v e  t i s s u e  t h a t  s u r r o u n d  e a c h  o f  t h e  m u s c l e s  a n d  
c o n v e r g e  t o w a r d  a  t e n d o n .  
o s  C O X A E  ( A I T C H  B O N E )  
Y o u n g  ( I e f t ) - c u r v e d ,  c o v e r e d  w i t h  h y a l i n e  c a r t i l a g e  
M a t u r e  ( r i g h t ) - s t r a i g h t ,  o s s i f i e d  
S A C R A L  V E R T E B R A  ( S A C R U M )  
Y o u n g  ( I e f t ) - w e l l  d e f i n e d ,  r e d ,  p o r o u s ,  i n t e r d i s p e r s e d  
w i t h  c a r t i l a g e  
M a t u r e  ( r i g h t ) - f u s e d ,  w h i t e ,  a n d  f r e e  o f  c a r t i l a g e  
C O S T A E  ( R I B S )  
Y o u n g  ( I e f t ) - n a r r o w ,  t u b u l a r ,  r e d  a n d  p o r o u s  
M a t u r e  ( r i g h t ) - w i d e ,  f l a t ,  a n d  w h i t e  
V E R T I C A L  P R O C E S S E S  O F  T H O R A C I C  V E R T E B R A  
( C H I N E  B O N E S )  

Y o u n g  ( I e f t ) - r e d ,  p o r o u s  b o n e  t e r m i n a t i n g  i n  d i s t i n c t ,  

s o f t ,  w h i t e  c a r t i l a g i n o u s  t i p ;  e x t e n d  i n t o  l u m b a r  v e r t e b r a  

M a t u r e  ( r i g h t ) - w h i t e ,  h a r d  b o n e  t e r m i n a t i n g  i n  a n  

o s s i f i e d  t i p ,  p a r t i a l l y  o r  c o m p l e t e l y  i n d i s t i n g u i s h a b l e .  

e s p e c i a l l y  i n  l u m b a r  r e g i o n  

M E T A e A R P O · P H A L A N G E A L  J O I N T  I B R E A K "  S p O O L l l O V I N E I  ~ 

Y o u n g  ( I e f t ) - r e d ,  p o r o u s ,  f r e e  o f  c o n d y l e s  ( s p o o l s )  

M a t u r e  ( r i g h t ) - w h i t e ,  o s s i f i e d ,  w i t h  a t t a c h e d  c o n d y l e s  

F i g .  6  - S k e l e t a l  i n d e x e s  o f  p h y s i o l o g i c a l  m a t u r i t y .  
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Texture 
A smooth velvety texture on the cut surface of mus­
cle is more pleasing in appearance and suggests that 
the meat has come from a young animal and is thus 
more tender. A rough and coarse texture is undesir­
able. It may be caused by an increasing thickness of 
the strands of connective tissue and larger muscle fibers 
and bundles. (The inset micrographs of Fig. 7 show 
this.) Rough-appearing texture may also be caused by 
the softness of an exudative muscle or may result 
from severe dehydration of a muscle. Examples of 
smooth and coarse texture are shown in Fig. 7. 
Firmness 
Muscle . A firm, rigid muscle structure is preferred. 
A soft muscle or one uneven in firmness generally re­
sults from factors that are also responsible for low 
juice retention and so is considered objectionable. Soft­
ness is particularly apparent in pork and may be char­
acterized by severe muscle separation, as shown in 
Fig. 8. A soft, flabby cut of meat is not attractive and 
may be rejected by the consumer. However, softness 
also prevails in muscle originating from young animals 
containing very little fat (such as veal), and such soft­
ness should not be considered objectionable. 
Fat. A firm white fat is desirable. Soft, oily fat is 
usually the result of the animal's diet. Pigs in particu­
lar do not have the biological capacity to hydrogenate 
food stuffs containing a large amount of highly un­
saturated fats and so these fats may be deposited di­
rectly into adipose tissue. Unsaturated fats are softer 
at a given temperature and are more susceptible to oxi­
dative rancidity. 
Fig. 7 - At left is relatively 
smooth texture; at center 
and right are examples of 
coarse texture on the sur­
face of muscle. Inserts show 
sizes of muscle fibers. 
Fats of lean, muscular carcasses may tend to be 
slightly soft, and the adipose tissue from young ani­
mals contains a greater proportion of moisture which 
also contributes to a softer fat, but neither of these 
situations should be considered objectionable. In ob­
serving firmness, it should be considered that all fat is 
somewhat soft at room temperature. These acceptable 
soft-appearing fats can usually be differentiated from 
objectionable unsaturated fats by the oily or greasy 
characteristics of the objectionable ones. 
Fig. 8 - At top is shown firm, rigid structure of the 
butt end of a fresh ham. Shown below is a soft structure 
with pronounced muscle separation. 
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C o l o r  
M u s c l e .  C o l o r  i n  m u s c l e  i s  e v a l u a t e d  b y  i t s  i n t e n s i t y  
a n d  b y  i t s  u n i f o r m i t y .  
G r e a t e r  i n t e n s i t y  o f  c o l o r  i s  a s s o c i a t e d  w i t h  e i t h e r  
h i g h e r  c o n c e n t r a t i o n s  o f  m y o g l o b i n  ( m a j o r  p i g m e n t  i n  
m u s c l e )  o r  g r e a t e r  l i g h t  a b s o r p t i o n  b y  t h e  t i s s u e ,  a n d  
m a y  b e  t h e  r e s u l t  o f  s e v e r a l  p h e n o m e n a  s u c h  a s :  
1 .  G r e a t e r  q u a n t i t i e s  o f  p i g m e n t s  ( m y o g l o b i n  p r i ­
m a r i l y )  a s  t h e  r e s u l t  o f  a d v a n c i n g  p h y s i o l o g i c a l  a g e  
( b e e f  i s  d a r k e r  t h a n  v e a l )  o r  d i f f e r e n c e s  b e t w e e n  
s p e c i e s  ( l a m b  i s  d a r k e r  t h a n  p o r k )  .  
2 .  G r e a t e r  r e t e n t i o n  o f  j u i c e s .  
3 .  G r e a t e r  i n h e r e n t  a c t i v i t y  o r  f u n c t i o n  o f  t h e  
m u s c l e .  
4 .  S m a l l e r  q u a n t i t i e s  o f  s u r f a c e  o x y g e n .  
5 .  G r e a t e r  d e h y d r a t i o n  o f  t h e  s u r f a c e .  
6 .  M i c r o b i o l o g i c a l  c o n t a m i n a t i o n .  
7 .  L o w e r  l e v e l s  o f  m u s c l e  g l y c o g e n  a s  a  r e s u l t  o f  
s t r e s s e s  o r  e p i n e p h r i n e  i n j e c t i o n s  b e f o r e  s l a u g h t e r .  
L o w e r  c o l o r  i n t e n s i t y  i s  u s u a l l y  t h e  r e s u l t  o f  t h e  
r e v e r s a l  o f  t h e s e  p h e n o m e n a .  
A  l i g h t  o r  p a l e  c o l o r  m a y  i n d i c a t e  t h a t  t h e  p r o d u c t  
F i g .  9  - D e s i r a b l e  c o l o r  f o r  b e e f ,  b r i g h t  r e d .  
w i l l  s h r i n k  a b n o r m a l l y  d u r i n g  p r o c e s s i n g ,  w i l l  r e q u i r e  
a  l o n g e r  t i m e  f o r  c o o k i n g ,  a n d  w i l l  n o t  b e  j u i c y  a f t e r  
c o o k i n g .  A  d a r k  c o l o r  m a y  s u g g e s t  a n  o l d e r  ( p h y s i o ­
l o g i c a l l y )  o r  d e h y d r a t e d  p r o d u c t  t h a t  m a y  b e  l e s s  
t e n d e r  a n d  l e s s  a t t r a c t i v e .  S u c h  e x t r e m e  v a r i a t i o n s  
i n  m u s c l e  c o l o r  a s  s h o w n  i n  F i g s .  1 3  a n d  1 4  a r e  t h e r e ­
f o r e  u s u a l l y  o b j e c t i o n a b l e .  
A  l i g h t  c o l o r  i s  a l s o  a n  i n d i c a t i o n  o f  y o u t h f u l n e s s  
( s u c h  a s  v e a l  a s  c o m p a r e d  w i t h  b e e f ) ,  b u t  i t  i s  s o m e ­
t i m e s  d i f f i c u l t  t o  d i f f e r e n t i a t e  a n  a c c e p t a b l e  y o u t h f u l  
c o l o r  f r o m  o n e  t h a t  m a y  b e  r e l a t e d  t o  w a t e r - h o l d i n g  
c a p a c i t y .  I n h e r e n t  c o l o r s  a r e  d i f f e r e n t  f o r  e a c h  s p e c i e s  
a n d  f o r  i n d i v i d u a l s  w i t h i n  a  s p e c i e s ;  d e s i r a b l e  c o l o r s  
a r e  s h o w n  i n  F i g s .  9 ,  1 0 ,  1 1 ,  1 2 ,  a n d  1 6 .  
M o s t  m u s c l e s  a r e  r e l a t i v e l y  u n i f o r m  i n  c o l o r  ( o n e  
e x c e p t i o n  i s  t h e  s e m i t e n d i n o s u s )  b u t  e x t r e m e  v a r i a t i o n  
o f t e n  o c c u r s  b e t w e e n  m u s c l e s  c l o s e l y  a s s o c i a t e d  a n a ­
t o m i c a l l y ,  e x p e c i a l l y  i n  p o r k .  T h e  t w o - t o n e d  a p p e a r ­
a n c e  s h o w n  i n  F i g .  1 3  i s  u n d e s i r a b l e  f o r  s e v e r a l  r e a ­
s o n s :  C o n s u m e r s  m a y  o b j e c t  t o  i t s  a p p e a r a n c e ;  t h e  
a p p e a r a n c e  i n d i c a t e s  t h a t  t w o - t o n i n g  m a y  p e r s i s t  i n  
o t h e r  a n a t o m i c a l  l o c a t i o n s  i n  t h e  c a r c a s s  a n d  m a y  p e r ­
s i s t  a f t e r  p r o c e s s i n g  ( c u r i n g ) ;  a n d  t h e  p a l e ,  s o f t ,  
F i g .  1 0  - D e s i r a b l e  c o l o r  f o r  v e a l ,  g r a y i s h  p i n k .  
F i g .  1 1  - D e s i r a b l e  c o l o r  f o r  p o r k ,  r e d d i s h  p i n k .  
F i g .  1 2  - D e s i r a b l e  c o l o r  f o r  l a m b ,  p u r p l i s h  r e d .  
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Fig. 13 - The gluteal muscles of the left ham are uni­
formly colored in a desirable way and those of the right 
ham are not. 
exudative (pse) nature of the lighter-colored muscle 
(gluteus medius) is in itself undesirable. 
Fat. Variation in fat color from white to a yellow­
orange is the result of the accumulation of carotene 
(as well as of other plant pigments), which occurs in 
ruminants consuming excess quantities of plant caro­
tenes or in those animals unable to metabolically con­
vert them to vitamin A. Different colors of fat are not 
nutritionally objectionable; yellow fat, however, con­
tains a greater proportion of unsaturated fatty acids, 
which are more susceptible to oxidative rancidity, and 
some consumers may object to yellow fat because they 
associate it with older animals. However, some young 
animals fed only grass or forages may also have yellow 
fat. Five degrees of color of subcutaneous fat are 
shown in Fig. 17. 
Fig. 14 - Example of extreme variation in color intensity 
of muscles from two different pork loins. 
Fig. 15 - Example of dark cutting beef (note the 
coarse marbling in this example). 
Fig. 16 - Desirable color for poultry, Fig. 17 - Variations of color that may exist in beef fat. 
bright, light yellow. 
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E x u d a t i v e  s u r f a c e  i u i c e s  
S u r f a c e  j u i c e s  r e s u l t  f r o m  c h a n g e s  
i n  t h e  w a t e r - h o l d i n g  c a p a c i t i e s  o f  m u s ­
c l e  p r o t e i n s  a n d  o f  o t h e r  b i o l o g i c a l  e n ­
t i t i e s .  T h e s e  j u i c e s  m a y  l e n d  b r i g h t n e s s  
t o  a  f r e s h l y  c u t  s u r f a c e ,  b u t  s h o u l d  b e  
c o n s i d e r e d  o b j  e c t i o n a b l e  b e c a u s e  t h e y  
a r e  r e s p o n s i b l e  f o r  a b n o r m a l  s h r i n k a g e  
a n d  l o s s  o f  w a t e r - s o l u b l e  n u t r i e n t s  
d u r i n g  c o o k e r y  ( e s p e c i a l l y  d r y  h e a t )  
a n d  p r o c e s s i n g ,  r e s u l t i n g  i n  a  d r y ,  l e s s  
p a l a t a b l e ,  a n d  l e s s  n u t r i t i o u s  p r o d u c t .  
D i f f e r e n c e s  i n  a m o u n t s  o f  e x u d a t i v e  
j u i c e s  a r e  s h o w n  i n  F i g s .  1 8  a n d  1 9 .  
V a r i a t i o n  o f  t h i s  k i n d  i s  m o s t  p r e v a ­
F i g .  1 8  - T h e  p a l e ,  s o f t ,  e x u d a t i v e  ( p s e )  p o r k  m u s c l e  a t  l e f t  s h o w s  a n  a b ­
l e n t  i n  p o r k .  
n o r m a l l y  h i g h  q u a n t i t y  o f  f r e e  j u i c e s  a b s o r b e d  b y  f i l t e r  p a p e r .  T h e  p a p e r  
o n  t h e  d a r k ,  f i r m ,  a n d  d r y  ( d f d )  m u s c l e  ( r i g h t )  s h o w s  l i t t l e  a b s o r p t i o n .  
F i g .  1 9  - T h e  s l i c e  o f  g l u t e u s  m e d i u s  m u s c l e  f r o m  t h e  
b u t t  e n d  o f  a  h a m ,  a t  t o p ,  s h o w s  a n  e x c e s s i v e  q u a n t i t y  o f  
s u r f a c e  j u i c e s ,  c o m p a r e d  w i t h  t h e  m o r e  d e s i r a b l e  d r y  
s u r f a c e  o f  t h e  o n e  b e l o w .  
R i g o r  m o r t i s  
A f t e r  a n  a n i m a l  i s  s l a u g h t e r e d ,  m u s c l e s  u n d e r g o  a  
n u m b e r  o f  b i o c h e m i c a l  c h a n g e s  t h a t  c o n t r i b u t e  t o  t h e  
p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  o f  m u s c l e  s o m e t i m e s  
r e f e r r e d  t o  a s  o n s e t ,  c l i m a x ,  a n d  s o f t e n i n g  s t a g e s  o f  
r i g o r  m o r t i s .  H o w  l o n g  e a c h  s t a g e  l a s t s  d e p e n d s  o n  
t h e  s p e c i e s ,  e n v i r o n m e n t a l  c o n d i t i o n s  ( s u c h  a s  t e m p e r a ­
t u r e ) ,  a n t e - m o r t e m  a n d  p o s t - m o r t e m  b i o c h e m i c a l  p r o p ­
e r t i e s  o f  e a c h  m u s c l e ,  a n d  o t h e r  b i o l o g i c a l  p h e n o m e n a ,  
n o t  a l l  o f  w h i c h  a r e  u n d e r s t o o d .  
A s  a  m u s c l e  g o e s  i n t o  r i g o r  m o r t i s ,  i t  s t i f f e n s ,  w h i c h  
u s u a l l y  r e s u l t s  i n  e x t r e m e  t o u g h n e s s  a n d  a  r e d u c t i o n  
i n  t h e  w a t e r - h o l d i n g  c a p a c i t y  o f  t h e  m u s c l e  p r o t e i n s .  
B o t h  b e f o r e  a n d  a f t e r  t h e  c l i m a x  o f  r i g o r  m o r t i s ,  t h e  
m u s c l e  f i b e r s  a r e  s o f t e r  a n d  t h u s  m o r e  t e n d e r  a n d  a c ­
c e p t a b l e  f o r  e a t i n g .  T h e y  a l s o  r e t a i n  a  g r e a t e r  p r o p o r ­
t i o n  o f  t h e i r  j u i c e s .  T i m e  i s  a  g o o d  i n d e x  t o  t h e  s t a g e  
o f  r i g o r  m o r t i s .  
R i g o r  m o r t i s  i s  r a r e l y  o f  c o n c e r n  u n d e r  p r e s e n t  
m a r k e t  c o n d i t i o n s  b e c a u s e  p r o c e s s i n g  t i m e  b e f o r e  c o n ­
s u m p t i o n  u s u a l l y  e x c e e d s  t h e  t i m e  r e q u i r e d  f o r  a  m u s ­
c l e  t o  p a s s  t h r o u g h  t h e  s t a g e s  o f  r i g o r  m o r t i s .  I f  l a m b  
m u s c l e  i s  r a p i d l y  c h i l l e d  e a r l y  p o s t  m o r t e m  b e f o r e  
o n s e t  o f  r i g o r  m o r t i s ,  f i b e r  s h o r t e n i n g  m a y  o c c u r  a n d  
i m p a i r  t e n d e r n e s s .  T h i s  e f f e c t  i s  k n o w n  a s  c o l d  s h o r t e n ­
i n g .  I f  a  m u s c l e  i s  f r o z e n  i n  t h e  p r e - r i g o r  s t a t e ,  i t  w i l l  
c o m p l e t e  t h e  r i g o r  m o r t i s  c y c l e  a f t e r  t h a w i n g .  T h i s  i s  
k n o w n  a s  t h a w - r i g o r .  
N u t r i t i o n a l  c o m p o s i t i o n  
M e a t  i s  a n  e x c e l l e n t  s o u r c e  o f  p r o t e i n .  C o n t r a c t i l e  
p r o t e i n s  s u p p l y  d e s i r a b l e  q u a n t i t i e s  o f  a l l  t h e  e s s e n t i a l  
a m i n o  a c i d s ,  b u t  m e a t  t h a t  c o n t a i n s  r e l a t i v e l y  l a r g e  
a m o u n t s  o f  c o n n e c t i v e  t i s s u e  p r o t e i n s  w i l l  p r o v i d e  
s m a l l e r  p r o p o r t i o n s  o f  s e v e r a l  e s s e n t i a l  a c i d s ,  p a r ­
t i c u l a r l y  t r y p t o p h a n ,  m e t h i o n i n e ,  a n d  h i s t i d i n e .  M e a t  
i s  a l s o  a  g o o d  s o u r c e  o f  s o m e  v i t a m i n s  a n d  m i n e r a l s ,  
t h e  e s s e n t i a l  f a t t y  a c i d s ,  a n d  c a l o r i e s .  Howe~er, I t  I S  
d e f i c i e n t  i n  c a l c i u m  a n d  i n  v i t a m i n  A ,  C ,  a n d  D  ( e x ­
c e p t  f o r  l i v e r )  .  
T h e  t a b l e  o n  p a g e  9  c o m p a r e s  t h e  n u t r i e n t  c o m p o s i ­
t i o n  o f  a  1 0 0 - g r a m  c o o k e d  p o r t i o n  o f  d i f f e r e n t  k i n d s  o f  
m e a t  w i t h  r e c o m m e n d e d  n u t r i e n t  a l l o w a n c e s .  
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Table 1. - N utrien t Conten t o f Meat 
Nutrient content of a 100-gra m cooked portion 

































by the National Research Council 
Men Women Pregnant Youth Small 
women child 
(18-35 (9-18 (3-6(18-35 yr. ) yr. ) yr. ) yr. ) 
Calories ......... 209 266 192 188 194 225 229 171 2,900 2,100 2,300 2,633 1,600 
Protein, g . .. . ... . 32 30 34 29 31 32 26 30 70 58 78 66 40 
Vitamins 
Thiamine, mg. . 11 . 10 . 21 . 21 1.18 . 78 . 26 . 05 1.2 .8 1.0 1.1 . 6 
Riboflavin, mg. .33 . 31 .32 .33 . 19 . 16 4 . 19 . 16 1.7 1.3 1.6 1.6 1.0 
Niacin, mg . ... . 5 . 6 5 . 7 7 . 1 7 .9 5 .5 5 .3 16 .5 8.6 19 .0 14 .0 17 .0 17 .5 11. 0 
Pantothenic 
acid, mg . . ... 
Pyridoxine, mg. 
BIZ, mcg . ...... 
A, LU . .... .. . .. 
.41 
.54 


















































C, mg. .. . ..... 




























Calcium , mg ... 
Iron, mg. . .. ... 
9 .4 




3 . 2 
8 . 2 
1.3 
12 . 1 
3 . 8 
15 .5 
















mg . . ........ 23 21 22 24 24 30 18 19 NE NE E TE E 
Phosphorus, 
mg ......... . 



























odium, mg.... 42 .8 41. 8 66 .3 82 . 9 59 . 6 1,974 .0 184 .0 75 .0 NE NE NE NE E 
Fatty acids . . .... 	Lipid portions of meat, especiall y pork, a re fair sources of the essential fatty acids; however minimum dietary re­
quirements have not been establi shed. 
E = not establi shed . 	 NA = in forma tion not av a il a ble. 
Anatomical distribution and position 
of muscles 
Muscles such as the longissimus of the loin are more palatable 
than others simply because of their physiological function and 
physical location. 
Posture-control muscles are more lender because they have less 
connective tissue and because they may not contract as much as 
muscles used for locomotion . 
Shape of the animal appears to inl1Ul'llCe to some degree the 
proportions of desirabl e and undesirable cuts of meat ( judged 
by palatabili ty anc1 convenience in use) . In general, carcasses that 
have large desirable muscles (pelv ic limb muscles, thoracic and 
lumbar muscles) wi ll also ha ve la rge less desirable muscles. How­ Fig. 20. - Car­
cass at left 	 isever, a greater proportion of des irable muscles grow faste r during 
thickly muscled.the earli er stages of growth and have increased hypertrophy and Carcass at right 
more fibers per muscle than some of the less desirable muscles. is thinly muscled. 
The two carcasses in Fig. 20 are simil ar in size, but the proportion 
of muscle mass in the more desirable locat ions may be higher in the 
example on the left. 
F urthermore, the position in which a carcass is chilled after 
slaughter and whether mu scles have been cut free from their 
skeletal attachments wi ll affect their desirability. Muscles that 
a re st retched as a result of carcass positioning will have longer 
sarcomeres and wi ll probably be more tender than those that have 
been permitted to shorten as a result of carcass positioning or 
because of severing from their skeletal supports. 
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B o n e  d a r k e n i n g  ( p o u l t r y )  
T h e  b o n e s  a n d  a d j a c e n t  m u s c l e s  i n  p o u l t r y  m a y  
d i s c o l o r  w h e n  y o u n g  b r o i l e r s  ( u n d e r  1 6  w e e k s  o l d )  
a r e  f r o z e n  a n d  t h e n  t h a w e d .  T h e  f r e e z i n g  a n d  t h a w ­
i n g  l i b e r a t e s  h e m o g l o b i n  ( s o l u b l e  p i g m e n t e d  p r o ­
t e i n  )  f r o m  t h e  b o n e  m a r r o w ,  w h i c h  l e a c h e s  t h r o u g h  
t h e  y o u n g ,  s p o n g y  w a l l  o f  t h e  b o n e  a n d  i s  d e p o s i t e d  o n  
t h e  o u t s i d e  ( m a t u r e  b o n e s  h a v e  e n o u g h  m i n e r a l s  d e ­
p o s i t e d  t o  p r e v e n t  t h i s ) .  C o o k i n g  o x i d i z e s  a n d  d e ­
n a t u r e s  t h e  h e m o g l o b i n ,  c h a n g i n g  i t s  r e d  c o l o r  t o  v a r i ­
o u s  s h a d e s  o f  b r o w n .  F r e s h l y  d r e s s e d  b r o i l e r s  h e l d  f o r  
m o r e  t h a n  4 8  h o u r s  w i l l  a l s o  d i s c o l o r  a n d  t h e  d i s c o l o r a ­
t i o n  b e c o m e s  m o r e  s e v e r e  a s  h o l d i n g  t i m e  i n c r e a s e s .  
C o o k i n g  p o u l t r y  b e f o r e  f r e e z i n g  c o a g u l a t e s  t h e  
h e m o g l o b i n  a n d  p r e v e n t s  t h e  l e a c h i n g  p r o c e s s .  F r e e z ­
i n g  a n d  s t o r i n g  a t  - 2 0 °  F .  w i l l  a l s o  p r e v e n t  a d d i t i o n a l  
d i s c o l o r a t i o n .  T h r e e  d e g r e e s  o f  d a r k e n i n g  a r e  s h o w n  
i n  F i g .  2 1 .  T h e  c o n d i t i o n  i s  n o t  r e l a t e d  t o  d i s e a s e s  o r  
i m p r o p e r  p r o c e s s i n g  t e c h n i q u e s .  
F i g .  2 1 - D a r k e n i n g  o f  l e g  b o n e s  ( t i b i a )  o f  p o u l t r y  a f t e r  
c o o k i n g ;  f r o m  t o p  t o  b o t t o m ,  v e r y  s l i g h t ,  m o d e r a t e ,  a n d  
s e v e r e .  
N O N B I O L O G I C A L  F A C T O R S  A S S O C I A T E D  W I T H  M E A T  Q U A L I T Y  

S e v e r a l  n o n b i o l o g i c a l  f a c t o r s  m a y  i n d i r e c t l y  a f f e c t  
t h e  q u a l i t y  o f  m e a t ,  e s p e c i a l l y  f r e s h  m e a t ,  a n d  i t s  a c ­
c e p t a n c e  b y  t h e  c o n s u m e r .  A d e q u a t e  s a n i t a t i o n ,  c o r r e c t  
p r o c e s s i n g ,  a n d  p r o p e r  p a c k a g i n g  a n d  d i s p l a y  a r e  d i s ­
c u s s e d  h e r e  b e c a u s e  t h e y  h a v e  t h e  g r e a t e s t  e f f e c t .  
S a n i t a t i o n  
M e a t  s h o u l d  b e  w h o l e s o m e  - c l e a n  a n d  f r e e  f r o m  
s p o i l a g e .  T h e  h e a l t h  o f  t h e  a n i m a l  a n d  t h e  c o n d i t i o n s  
o f  s a n i t a t i o n  u n d e r  w h i c h  t h e  p r o d u c t  i s  h a n d l e d  s h o u l d  
i n s u r e  t h i s .  S a n i t a t i o n  i s  u s u a l l y  s a t i s f a c t o r y  a n d  
n o r m a l l y  d o e s  n o t  n e e d  t o  b e  c o n s i d e r e d  a  q u a l i t y  f a c ­
t o r ,  b u t  c o n t a m i n a t e d  m e a t  h a s  b e e n  r e s p o n s i b l e  f o r  
m a n y  u n d e s i r a b l e  c h a r a c t e r i s t i c s  t h a t  a l t e r  t h e  a p p e a r ­
a n c e  a n d  t a s t e  b e c a u s e  o f  s p o i l a g e .  S u c h  c o n t a m i n a t i o n  
r e s u l t s  f r o m  i g n o r i n g  t h e  f u n d a m e n t a l s  o f  s a n i t a t i o n  o r  
f r o m  c a r e l e s s  p r a c t i c e s .  
T h e  i m p o r t a n c e  o f  g o o d  s a n i t a t i o n  i s  i l l u s t r a t e d  i n  
F i g .  2 2 .  
P r o c e s s i n g  
P r o c e s s i n g  i n c l u d e s  a n y  t e c h n i q u e s  a p p l i e d  t o  m e a t  
i n  o r d e r  t o  b r i n g  a b o u t  p h y s i c a l  o r  c h e m i c a l  c h a n g e s .  
S o m e  p r o c e s s i n g  t e c h n i q u e s  e n h a n c e  p a l a t a b i l i t y ,  w h i l e  
o t h e r s  s e r v e  o n l y  t o  p r e s e r v e  t h e  p r o d u c t .  U s u a l l y  t h e  
o v e r a l l  q u a l i t y  i s  i m p r o v e d ,  b u t  p r o c e s s i n g  m a y  r e d u c e  
t h e  d e s i r a b i l i t y  o f  s o m e  q u a l i t y  f a c t o r s  - f o r  e x a m p l e ,  
g r i n d i n g  i m p r o v e s  t e n d e r n e s s  b u t  m o r e  n u t r i e n t s  a n d  
w a t e r  a r e  l o s t  b e c a u s e  o f  t h e  g r e a t e r  s u r f a c e  a r e a .  
T h e  t a b l e  a t  t h e  t o p  o f  t h e  n e x t  p a g e  r e p r e s e n t s  t h e  
a u t h o r s '  v i e w s  a b o u t  s o m e  p r o b a b l e  e f f e c t s  o f  a c c e p t e d  
p r o c e s s i n g  t e c h n i q u e s  o n  t h e  q u a l i t y  c h a r a c t e r i s t i c s  o f  
m e a t .  T h e  p r o c e s s i n g  e f f e c t s  d o  n o t  a p p l y  t o  a l l  m e a t s  
a n d  s o m e  p r o c e s s i n g - q u a l i t y  r e l a t i o n s h i p s  a r e  q u e s t i o n ­
a b l e .  T h e  g e n e r a l i z a t i o n s  a s s u m e  a d e q u a t e  s a n i t a t i o n ,  
c o r r e c t  u s e  o f  a d d i t i v e s ,  s t a n d a r d i z e d  p r o c e s s i n g  t e c h ­
n i q u e s ,  a n d  n o  u s e  o f  d r i p p i n g s  f r o m  t h e  c o o k e d  
p r o d u c t .  A p p e a r a n c e  i s  j  u c l g e d  i m m e d i a t e l y  a f t e r  e x ­
p o s u r e  t o  t y p e  o f  p r o c e s s i n g  ( e x c e p t  f o r  a d d i t i v e s ) .  
C h a n g e s  i n  n u t r i t i o n a l  c o m p o s i t i o n  r e f e r  t o  a  q u a n t i ­
t a t i v e  c h a n g e  i n  e a c h  o f  t h e  c o m p o n e n t s .  
F i g .  2 2  - G r o w t h  o f  m i c r o o r g a n i s m s  u n d e r  g o o d  ( l e f t )  
a n d  p o o r  ( r i g h t )  s a n i t a r y  c o n d i t i o n s .  
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Table 2. - Probable Relationships Between Processing and Meat Quality 
Nutritional composition (see Table 1) Whole­
Palatabi li ty
Appear­
ance Flavor Tender- Juici­
ness ness 
Heating 
Short time, dry heat (10 min. 

per lb. ), high temp. (more 

than 400° F. ). . . . . . . . . . . + 
 + 
Long time, moist heat (30 
min. per lb. ), low temp. 
(350° F. ). . . . . . . . . . . . . . . + o+ + 
Irradiation. . . . . . . . . . . . . . . . . . 0 o o 
Freezing 
Sharp (-30° F. ) . ........ . . o o o 
Slow (0° F. ) ... .... . .. . .. . . o o 
Freeze-drying ............ . .. . o 

Drying . ......... . .......... . 

Aging (post mortem ) ... . ..... . o+ 
Cutting, grinding, chopping, 
or cubing . .... . o + 
Additives 

Salt ... ............. . o o
+ + 
Nitrates a nd nitrites .. o o o+
Phosphates . ? o o +Seasonings .... . ? o o+
Binders .... . + o o +Smoke ..... . o o+ +Enzymes ...... . o ? o+Sugar . . o o o+ 
Ascorbates .. . . . o o o+ 
+ = d es irahle effect ( g reater rd ention for Ilutritional composition) ; 
Packaging and display 
The method of displaying meat and the container in 
which it is displayed are not exactly quality factors but 
are closely associated with the acceptance of a meat 
product. To receIve maXll11um acceptance, a me:J.t 
product should be free of bone and excess fat and 
shou ld be formed into an appropriate shape and SIze 
so that it wi ll be convenient and attracti ve to look at, 
cook, and serve. The meat shou ld be contai ned in pack­
aglllg material that permits maxImum visibility and 
storage life, retains a desirable color, and prevents ab­
normal shrinkage. Figs. 23 and 24 shO\\· c1esirable and 
undesirable methods of pack<lging a beef roast and 
pork chop. 
Fig. 23 - The blade roast at the bottom has not been 
trimmed of excess fat (A); and the bone (B); seam 
(intermuscular) fat (C) ; and backstrap (ligamentum 
nuchea) (D) have not been removed. The cut is too 
large and improperly shaped for convenient cooking and 
serving. The cut at top originated from a similar ana­
tomical location but it has been trimmed, boned, rolled, 
and tied to provide a desirable roast. 
somenessProteins 
as aand free Mois- Min­ B vita-Texture Fat result ofamino ture erals mills processingacids 
+ + 
+ 
o o o o o + 
o o o o o o + 
o + 
o o o o + 
o + 
o o o o o o 
o 





o o o o o o + 
o o o o+ + + 
o o o o o o o 
o o+ + + + + 
o o o o o o + 
o o o o o o+ 
o o o o o o o 
o o o o o o + 
0 = no cha n ge; - = potential d etrim ental effect; ? = questionable or unknown. 
Correct lighting should be used to enhance the ap­
pearance of color and freshness of the product. Light­
lI1g can be supplemented by complimentary back­
grounds such as green, white, or black, but orange or 
pink wi l1 detract from the effect. Lighting should be 
used that wi ll minimi ze heat production in the ref rig­
erated display case. 
11 
F i g .  2 4 .  - E x a m p l e s  o f  d e s i r a b l e  a n d  u n d e s i r ­
a b l e  p a c k a g i n g .  A t  l e f t ,  t h e  t r a n s p a r e n t  w r a p ­
p i n g  m a t e r i a l  i s  s n u g l y  a n d  s m o o t h l y  s t r e t c h e d  
o v e r  c a r e f u l l y  p r e p a r e d  c u t s  t h a t  p r e c i s e l y  f i t  
t h e  s m a l l  d i s p l a y  b o a r d .  A t  r i g h t  t h e  l o o s e  a n d  
w r i n k l e d  w r a p p i n g  m a t e r i a l  i s  o n l y  p a r t l y  
s e a l e d  a r o u n d  t h e  o v e r s i z e d  a n d  s m u d g e d  d i s ­
p l a y  b o a r d  a n d  t h e  c u t  i s  u n t r i m m e d  a n d  
p o o r l y  s h a p e d .  T h e  c u t  a t  t h e  r i g h t  w i l l  d e h y ­
d r a t e ,  d i s c o l o r ,  a n d  s p o i l  m o r e  r a p i d l y  t h a n  t h e  
c u t s  a t  t h e  l e f t .  
P A L A T A B I L I T Y  A N D  T H E  F U T U R E  O F  M E A T  Q U A L I T Y  
S i n c e  p e o R l e  p u r c h a s e  m e a t  p r i m a r i l y  f o r  i t s  t a s t e  
a p p e a l ,  a n  a p p r o p r i a t e  p a l a t a b i l i t y  l e v e l  s h o u l d  b e  m a i n ­
t a i n e d .  Improveme~t o f  p a l a t a b i l i t y  t h r o u g h  p r o d u c ­
t i o n  m e t h o d s ,  ho\ve~~r, i s  a n  e x p e n s i v e  p r o c e s s .  H  i g h  
l e v e l s  o f  p a l a t a b i l i t y  p a r t l y  r e s u l t  f r o m  h i g h  l e v e l s  o f  
f e e d i n g  o v e r  a n  e x t e n d e d  p e r i o d  o f  t i m e ,  a n d  t h e  g a i n s  
p r o d u c e d  u n d e r  .~such c o n d i t i o n s  a r e  p r o d u c e d  a t  a n  
i n c r e a s e d  c o s t  ~~nd a n  i n c r e a s e d  p r o p o r t i o n  o f  t h e s e  
g a i n s  c o n s i s t s  o f  f a t .  B . . . u t  A m e r i c a n  c o n s u m e r s  p r e f e r  
l e a n  m e a t .  T h e  t i m e  i n  . p h y s i o l o g i c a l  d e v e l o p m e n t  a t  
w h i c h  q u a l i t y  h a s  r e a c h e d  - t h e  d e s i r e d  l e v e l  a n d  e x c e s s  
f a t  h a s  b e e n  m i n i m i z e d  i S J  ) f  m a j o r  c o n c e r n .  
R E F E R  
A m e r i c a n  M e a t  I n s t i t u t e  F o u n d a t i o n .  T  h e  s c i e n c e  o f  m e a t  
a n d  m e a t  p r o d u c t s . \  p i .  H ,  E r e e m a n  &  C o . ,  S a n  F r a n c i s c o ,  
C a l i f .  1 9 6 0 .  ·  r  
B l u m e r ,  T  .  N .  R e l a t i o n s h i p  Q ' t  m a r b l i n g  t o  t h e  p a l a t a b i l i t y  o f  
b e e f .  J o u r n a l  o f  ~nial S c i e n c e  2 2  : 7 7 1 .  1 9 6 3 .  
B r a y ,  R .  W .  P o r k '  l Q u a l i t y  - d e f i n i t i o n ,  c h a r a c t e r i s t i c s  a n d  
s i g n i f i c a n c e .  Jour~11t\.nimal S c i e n c e  2 5  : 8 3 9 .  1 9 6 6 .  
B r i s k e y ,  E .  J .  E t i o l o g i c a l .  s t a t u s  a n d  a s s o c i a t e d  s t u d i e s  o f  p a l e ,  
s o f t ,  e x u d a t i v e  p o r c i n e  m u s c u l a t u r e .  P a g e s  9 0 - 1 6 8  i n  C .  O .  
C h i c h e s t e r ,  E .  1 \ 1 .  M r a k ,  a n d  G .  F  .  S t e w a r t  ( e d . ) ,  A d ­
' < J a n c e s  i n  F o o d  R e s e a r c h ,  A c a d e m i c  P r e s s ,  N e w  Y o r k .  
1 9 6 4 .  
B r i s k e y ,  E .  J . .  R .  G .  C a s s e n s ,  a n d  J .  c .  T r a u t m a n .  T h e  p h y s i o l ­
o g y  a n d  b i o : : h e m i s t r y  o f  m u s c l e  a s  a  f o o d .  U n i v e r s i t y  o f  
v V i s c o n s i n  P r e s s ,  M a d i s o n .  , 1 9 6 6 .  
B u r t o n ,  B .  T .  T h e  H e i n z  h a n d b o o k  o f  n u t r i t i o n .  M c G r a w ­
H i l l  B o o k  C o . ,  N e w  Y o r k .  1 9 6 5 .  
C a m p b e l l  S o u p  C o .  P r o c e e d i n g s ,  f l a v o r  c h e m i s t r y  s y m p o s i u m .  
C a m d e n ,  N e w  J e r s e y .  1 9 6 1 .  
C a m p b e l l  S o u p  C o .  P r o c e e d i n g s ,  m e a t  t e n d e r n e s s  s y m p o s i u m .  
C a m d e n ,  N e w  J e r s e y .  1 9 6 3 .  
C a s s e n s ,  R .  G . ,  a n d  R .  W  .  B r a y .  M e a t  q u a l i t y  e s t i m a t i o n  
m e t h o d s .  Z .  f u r  T i e r z t i c h t u n g  u n d  Z u c h t u n g s - b i o l o g i e  
8 2  : 2 8 6 .  1 9 6 6 .  
C o m p o s i t i o n  o f  F o o d s .  A g r i c u l t u r e  H a n d b o o k  N o . 8 .  A g r i ­
c u l t u r a l  R e s e a r c h  S e r v i c e ,  U . S .  D e p a r t m e n t  o f  A g r i c u l ­
t u r e ,  W a s h i n g t o n ,  D .  C .  1 9 6 3 .  
C o o p e r ,  C .  c . ,  B .  B .  B r e i d e n s t e i n ,  R .  W .  B r a y ,  a n d  R .  G .  C a s ­
e n s .  J n v e s t i g a t i o n s  t o  d e t c r m i n e  t h e  i n f l u e n c e  o f  m a r h i i n  
u p o n  t h e  t c n d e r n e s s  a n d  j u i c i n e s s  o f  b e e f  d i f f e r i n g  i n  m a ­
t u r i t y .  A  f i n a l  r e p o r t  t o  U S D A  M a r k e t  Q u a l i t y  R e s e a r c h  
D i v i s i o n .  1 9 6 7 .  
H a m m ,  R .  B i o c h e m i s t r y  a n d  m e a t  h y d r a t i o n .  P a g e s  3 5 6 - 4 8 4  
i n  C .  O .  C h i c h e s t e r ,  E .  M .  M  r a k ,  a n d  G .  F .  S t e w a r t  ( e d . ) ,  
A d ' z I a / l c e s  i l l  F o o d  R e s e a r c h ,  A c a d e m i c  P  r e s s ,  N e w  Y o r k .  
1 9 6 0 .  
W i l l  p a l a t a b i l i t y  b e  i n c r e a s e d  i n  t h e  f u t u r e ?  S i n c e  
p a l a t a b i l i t y  m a y  b e  r e l a t e d  t o  t h e  g e n e t i c  b a c k g r o u n d  
o f  t h e  a n i m a l ,  t h e r e  i s  a  g e n e t i c  p o t e n t i a l  t o  c h a n g e  
p a l a t a b i l i t y  l e v e l s .  S u c h  c h a n g e s  c a n  b e  e i t h e r  p o s i t i v e  
o r  n e g a t i v e ,  b u t  i n  e i t h e r  e v e n t  w i  l l  b e  s l o w .  
T h e  a u t h o r s  b e l i e v e  t h a t  t h e  e n t i r e  m e a t  i n d u s t r y  
s h o u l d  b e  c o n c e r n e d  w i t h  i m p r o v i n g  l e v e l s  o f  p a l a t a ­
b i l i t y .  I t  i s  p r o b a b l e  t h a t  a d v a n c e s  i n  t h e  u n d e r s t a n d i n g  
o f  t h e  b i o l o g i c a l  m e c h a n i s m s  a n d  t e c h n o l o g i c a l  d e v e l o p ­
m e n t s  i n  p r o c e s s i n g  t h a t  a r e  r e l a t e d  t o  p a l a t a b i l i t y  w i l l  
r e s u l t  i n  m e a n s  o f  i m p r o v i n g  a n d  s t a n d a r d i z i n g  m e a t  
q u a l i  t y .  
C E S  
r r v i n g ,  G .  W . ,  J r . ,  a n d  S .  1 ' .  H  o o v e r .  F o o d  q u a l i t y  e f f e c t s  o f  
p r o d u c t i o n  p r a c t i c e s  a n d  p r o c e s s i n g .  P u b l i c a t i o n  N o .  7 7 ,  
A m c r i c a n  A s s o c i a t i o n  i o r  t h e  A d v a n c e m e n t  o f  S c i e n c e ,  
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